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−3 relative error on the focal length









−3 relative error on the principal point
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−3 relative error on the skew













−3 relative error on the ratio
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STxXt\qTxcl~ s ZqX]\qexncdZ_\qTxX!WYk7Zv\ª7XmVXQ~jgofkomVX7©ªSTVXOZ\j~qew\qex~qX7x\jTVXwQgrWYX~gYclmL\j~qcdmxZqcdwgrm s XyD\q~jclmxZqchw
ngr~grWYX]\jX~Z gr~jX!w]k7mL\qcdmLexkoexZqfluwTxgomVocdmVx©{ \cdZgrm$clmL\qXQ~qXIZ\jclmxZvX\qeVn¯°ko~WOk s XQ~qm¦~jko?kr\jcdw!DcdZqclk7m
Zqcdmxw]Xc®\Ggrfdflki¥ Zt\qTVXgowTxclXQoXWYXQm7\kr¯ mVXQ¥´grnVnxflchwgr\qcdkomxZ!clm¡LchZqexgrfZvXQ~q7kocdmVxkoVXQw\\q~gow«DcdmVko~
wkoWYnVep\jX~q goc s X s ZveV~joXQ~qu7©STVX!ZqnXQX s kr¯\qTVX5~jXQwkomxZv\q~jexw]\qcdkomgrfdoko~jcl\qTVW chZXyL\j~qXQWYXfdu¢clWYn?ko~q\jgom7\
cdm k7~ s XQ~5\qk¨nXQ~v¯°k7~qW·\qTxX¢\q~gow«DcdmVx© §cl\qT \qTVchZOZvX\qeVn\jTVXmDeVWXQ~!ko¯ eVmV«DmVki¥mxZ!cdZt\qTVXZqgoWYX
g7Z¯°ko~\qTxXGnV~qXQDclk7exZ5ZvX\qeVn£gi\tXIgowT¨c®\jX~gi\qcdkomµ©YSTDexZQ\jTVXGclmL\j~qcdmxZqcdwQZ¯°~qXQXxeVm s fdX¢g s eZ\jWOXQmL\tcdZ
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{}m \jTVcdZ!ZvXIw\qcdkomµ¥³XGigoflc s gi\jXYkoeV~tgofl7ko~jc®\jTVW exZqclmx?kr\jTÁZvcdW!eVfhgi\jX s£s gr\jggrm s ~jXQgofcdWGgr7XQZ5grm s
wkoWYnxgo~qXc®\\jkGZ\grm s go~ s VeVm s flXtg s exZv\qWYXmL\ WYX]\jTVk s ZQ©
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S+k \jXQZv\¥TVX]\jTVX~+\qTVX2\jTVXk7~qunV~jXQZqXmL\qX s cdmt\qTxX³~jXn?ko~q\+chZ.g_~jXQg7Zvk7mxgrVfdXãgonVnV~jkÐyDcdWGgi\jclk7m5¥³X2w]komZvc s X~
\jTVXWYX]\q~jchw~jXQwkomxZv\q~jexw]\qcdkom ko¯ <sb $nk7clmL\jZYfduDclmx cdmxZqc s Xg w]exX¦ko¯WOX\qXQ~¢Zvc s Xo©§aDXQoX~grf
cdWGgr7XQZ@WYclmVcdW!exW cdZ 	 < } ]\jgo«oXQm ¥c®\jT k7mVXk7~WYko~jXwQgrWYX~goZ Ú\qTxX¯°kpwgofflXQmVr\jT grm s \qTVX
nx~qcdmxw]cdnxgof+n?kocdmL\WGgÐu¦grfhZqk?XYwTgrmV7X s  s Xn?Xm s clmVk7m¦\qTVXGZqX]\jeVngr~jX!eZvX s \jk~jXQwkomxZv\q~jexw\ª\qTVX
^7´wkLk7~ s clmxgr\qXIZ5kr¯\jTVXn?kocdmL\jZQ©¦{}WYgooXIZ!gr~jXY\jgo«oXQm gr~jkoeVm s \jTVXweV?X¢¯°~jkoW s c®­-X~jXmL\!n?k7Zqcl\qcdkomxZ
?X]\¥2XXQm I£gom s W¨WYX\qX~ZGgÐ¥gÐu£¯°~qk7W c®\Z¢w]XQmL\qX~I©§STVX¦cdWYgooX¦w]kDk7~ s cdmxgr\qXQZOko¯_\qTxX¦nk7clmL\jZgr~jX
wko~j~qexnp\qX s Du$g¦wXmL\qXQ~qX s goexZqZqchgrm mVkochZvXG¥cl\qT£igr~juDclmxZv\jgom s go~ s s XDchgi\jclk7m©¢STVX¢grfdok7~qcl\qTxWYZ





2ko\qT Zv\jgom s gr~ s grm s clmL\q~jcdmxZvchwZv¯°~qXQX¢VeVm s flXg s eZ\jWOXQmL\Ogr~jX¢~grmÁk7mÁ\qTVXZqgoWYXw]k7WYnVep\qXQ~Q© ¨X
WYXIgoZqeV~qX!\qTVX¢²2 \qcdWYXOgom s \jTVXOmLexW!?X~ (ko¯ãcl\qX~gi\jclk7mxZªmVXX s X s \qk\qTVXYw]k7mL7X~joXQmxw]Xtko¯ãXQg7wT
gofl7ko~jc®\jTVW \qkg7ZqZqXQZjZ\jTVXYw]ko~j~jXQZqnk7m s cdmV¢w]k7WOnxep\jgr\qcdkomxgofwk7Zv\Q©STVXg7ww]ex~jg7w]ukr¯\qTxXOZqkofdep\qcdkom$cdZ
WYXIgoZqeV~qX s Du5Xigrfdexgr\qcdmV \jTVX³XQ~q~jko~+kom!\qTVX2WYX]\q~jchwã~jXQwkomxZv\q~jexw\jclk7m©ªDDcdkoexZqfluª\qTxX³~jXQwkomxZv\q~jexw\jclk7m
chZªWYg s X!exn¦\qkgZjwgrfhgr~_¯@gow]\qko~I\qTDexZª¥³XexZvX!\qTVXo~jkoeVm s \q~jep\qTexZ\\qk¶Vy\qTVXOZqwQgrfdXgom s WGgr«7X
cl\_n?k7ZjZvcdVfdX\qk¢wkoWYnxgr~jX\qTxX5~qXIZveVfl\jZ clmgYWYX]\j~qchwtZqnxgowXo©³{}mk7~ s X~\jkGTxgÐoX5grm¦XQ~q~jko~cdm s XQnXQm s XmL\
k7m\qTVXt¯°~jgoWOX5cdm¥TVchwT\qTxXt~qXIw]k7mxZ\j~qew\qcdkomchZ s k7mVXo¥³XtwkomxZqc s X~ k7mVfdu s cl­-X~jXmxwXQZ ?X]\¥2XXQm\qTVX
XIZ\jclWGgr\qX ss chZ\grmxwX  
9 ; 3 
9   gom s \jTVX\q~jeVX s chZ\grmxwX  9 ; 3 9   ?X]\¥2XXQm\¥2kYnk7clmL\jZcdm\qTVX^7 Zvngow]X7©STLeZp\jTVX5X~j~jko~  kom\qTxXtZ\j~qexw]\qeV~jXcdZ kop\grcdmVX s goZgO
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¦XQgoZqeV~jclmx\jTVXtXQ~q~jko~k7m\jTVX5¯°kpwgoffdXmVo\qT¦chZ.exZv\qcl¶xX s Du\qTVX5¯@g7w\ \jTxgi\_\qTVchZ chZexZqexgrfdfdu¢\qTxXtkomVfdu
ngr~grWYX]\jX~ãk7p\jgoclmxX s DuGZvXQf®¯Ú}wgoflcdV~gi\jclk7mYgom s \jTxgi\2WGgÐuOfdcdXª¤LeVcl\qXª¯@gr~³¯°~qk7W\jTVX_k7np\qcdWGgrf-Zvk7fleV\qcdkom©
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{}m¡\qTxX¶x~jZv\¢ZvX\Gkr¯X]ypnXQ~qcdWYXmL\jZQã¥2X¦w]k7mxZvc s XQ~Yg£ZqclmxofdXWYkiDcdmV wQgrWYX~g¨¥c®\jT¡¶xyDX s clmL\q~jcdmxZvchwZ
ngr~grWYX]\jX~Z©±STVX$¯°kpwQgrfflXQmVr\jTkr¯!\qTVX£wgoWOXQ~jg cdZ  < F ]I]]ÁnVclypXfhZ_\qTVX nV~jclmxwclngrfnk7clmL\cdZ
gr\!\jTVXcdWGgr7Xw]XQmL\qX~I\jTVXZq«oXQ¥cdZ¬XQ~qk grm s \qTVX¦goZqn?XQw\O~jgr\qcdk$chZ!k7mVXo© [cdoeV~jX I$nV~jXQZqXmL\jZ!\qTVX
wkoWYnxgo~qchZvk7mt?X]\¥2XXm!\qTVXnV~jkon?X~q\qcdXQZko¯?w]k7mDoX~joXQmxw]X³grm s w]k7WOnxep\jgr\qcdkomxgofLwk7Zv\.ko¯V\qTxXgofl7ko~jc®\jTVWGZ©
ªZOX]ypnXIw\jX s ã\qTVX0\jclWYXeVmL\qcdf w]k7mL7X~joXQmxw]X¢chZYZvfdcdoTL\qfduÁTVcdoTVXQ~!¯°k7~\jTVX¦Z\grm s gr~ s VeVm s flX
g s exZv\qWYXmL\5grfdok7~qcl\qTVW XIZvn?XQwcdgoflfdu¦¥TVXm$\qTVXGZv\jgom s gr~ ss XQDcdgr\qcdkom  kr¯¸\jTVXYmVkochZvXclmw]~jXQgoZqXQZ@ZqXX
[cdoeV~jX I @g  ©OSTVchZª~jXQZqeVfl\chZw]k7mp¶x~jWOX s Du¶x7eV~qX"I @!_¥TVcdwT£ZqTVki¥ Z \jTxgi\\qTxXYwkomDoXQ~q7XmxwX5\qk
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 ÏÖ
[cdoeV~jX IO³²³koWYnxgo~qchZqkom¢ko¯µ\qTxXtw]koWYnVeV\jgi\jclk7mxgrfwk7Zv\?X]\¥2XXQm\jTVX5Z\grm s gr~ s °7~qXQXmflcdmVX
grm s \qTVX
cdmL\q~jclmZvchwZv9¯°~jXX °~jX s fdclmVX
VeVm s flXtg s exZv\qWYXmL\I©
[cdoeV~jX JnVfdkr\jZª\jTVXXQ~q~jko~ªkom¦\jTVXY~qXIw]ki7X~jX s Z\j~qew\qex~qX7©À¸oXm¨c®¯³\qTVX s cl­?XQ~qXQmxw]XO?X]\¥2XXm$\qTVX
\¥2k¢grfdok7~qcl\qTxW chZ mVko\ªcdWYnV~qXIZqZqcdoXoV\qTVXclmL\q~jcdmxZvchwZv¯°~qXQX5WOX\qTVk s n?X~q¯°ko~jWGZ ?X]\q\qX~¥TVXQm¦\qTVXmVkochZqX chZ TVcdoT 
[cdoeV~jX J 9g   grm s ¥TVXQmk7mVfdu¢¯°X¥ 	 cdWGgroXIZgr~jX5exZqX s 
[cdoeV~jX J @! ]© _Z WOXQmL\qcdkomVX s
cdmapXQw\jclk7m^x7\jTVXwgrWYXQ~jg!clmL\q~jcdmxZvchwªnxgr~grWYX]\jX~Zãgo~qXªmVkr\ s cd~qXIw\qfdu¢w]k7mxZqc s XQ~qX s goZ³eVmV«DmVki¥mclmkoeV~
gofl7ko~jc®\jTVWVep\\jTVXuwgom?X5XQZv\qcdWGgi\qX s SvgOn?k7Zv\qX~jcdko~jcU©
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[cdoeV~jX J%O²³koWYnxgo~qchZvk7mko¯\jTVX_g7ww]ex~jg7w]utko¯\jTVX_^o~qXIw]k7mxZ\j~qew\qcdkomO?X]\¥2XXmO\jTVX_Zv\jgrm s gr~ s °o~jXXQm





aDcdmxwX$\jTVX ^7·Zv\q~jexw]\qeV~jX$XIZ\jclWGgi\jX s ¥cl\qT\qTVX cdm7\j~qcdmxZqcdwQZ¯°~jXXVexm s fdX g s exZv\qWYXmL\cdZWYko~jX
g7wweV~jgr\qX7?cl\5cdZmxkr\5ZveV~jnV~jcdZqcdmVxgoZZqTVki¥m$cdmQ[+cdoex~qX¢D-\jTxgi\\qTxXO~jXfhgi\jcl7X!XQ~q~jko~   
 k7m\jTVXO¯°kDwQgrf
fdXmxr\qT¦chZ_gofdZqkGZvWGgoflfdX~I© [cdoeV~jXO @g ZqTVki¥ Z\jTVXt~jXQZqeVfl\jZ k7p\jgoclmxX s ¥TVXm\jTVXZv\jgom s go~ ss XQLchgi\jclk7m
ko¯ \qTxX¦mVkochZvXcdm \jTVXclWGgr7X  igr~jclXIZ!¯°~jkoW $\qkÁ^¨nVclyDXQfdZQ©  §TxXm¡\qTVX¦fdX7Xfkr¯ªg sVs X s mVk7cdZqXcdZ
fdki¥2X~¸\jTxgrm¨ªnxc®ypXfD\qTxXª~jXQZqeVfl\jZgr~jX_eVm s cdZv\qcdmV7eVcdZqTxgoVflX7©³XQuok7m s gOw]X~q\jgoclmflXQoXf-ko¯+g sVs X s cdWGgr7X
mxkochZvX\qTVXYcdmL\q~jclmxZqchwZv9¯°~jXXVeVm s fdXGg s eZ\jWOXQmL\n?X~q¯°ko~jWGZ_?X]\q\qXQ~Q© [cl7eV~qXG @!ZvTVki¥ Zª\jTVXY~qXIZveVfl\jZ
k7p\jgoclmxX s ¥TVXQm$igr~juDclmV¢\qTVXmLexW!?X~kr¯¸cdWYgooXIZ exZqX s cdm¦\jTVX!~jXQwkomxZv\q~jexw\jclk7m¯°~qk7W ^Y\qk¨QV©  ¨X
k7xZqX~joX2\qTxgr\ã¯°k7~ãgtZqWYgoflfmDeVW!?X~2g5clWGgooXQZQrcdmG\qTxcdZ³wgoZqX fdXQZjZ.\qTgrm IVr\qTxX_cdm7\j~qcdmxZqcdwQZ¯°~jXXWYX]\qTxk s
n?X~q¯°ko~jWGZ¸?X]\q\qX~2\jTxgrm\qTVXZ\grm s gr~ s komVX7©  §TxXm¢\jTVXmLexW!?X~2kr¯cdWYgooXIZãcdmxw]~jXQg7ZvXIZ?Xuok7m s Jt\qTVX
~jXQZqeVfl\jZgo~qXeVm s chZv\qcdmVoeVchZqTxgrVfdX
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[cdoeV~jX³ O+²³k7WYnxgr~jcdZqkomko¯L\jTVX¸~jXfhgi\jcl7XX~j~qk7~kom\qTxXã~jXQw]ki7X~jX s ¯°kDwQgrf7flXQmVr\jT5X\¥³XQXm\qTxX³Zv\jgrm s gr~ s
@o~jXXQmfdclmxXgrm s ko¯+\jTVX5clmL\j~qcdmxZqcdwQZ¯°~qXQX@~qX s fdcdmVX2Vexm s fdXtg s exZv\qWYXQm7\I©
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8 	 ?   V » < ; F Y ¾ o  º ; Fx B  ; ¿ZP+< ; &< P P ¾ < ;  	
{}m\qTVchZªZqX]\ªkr¯¸X]ypn?X~jclWYXQm7\Z ¥2XwkomxZqc s X~_gWOkiDcdmV¢grm s ¬kDkoWYcdmVwQgrWYX~gV© STVX!¯°kpwgrf+flXQmVr\jT 98
wTgrmV7XQZ.?X]\¥2XXm7ogrm s I^ooªnVclypXfhZ¥TVcdflXWYkiDclmxª\jTVX_wQgrWYX~ggr~jkoeVm s \qTxX_^o1Zv\q~jexw]\qeV~jXo©  ¨X
ZqeVnVn?k7ZqX \jTxgi\ : < ]V ; < F grm s \qTxgr\\qTVXnV~jclmxwclngrf-nk7clmL\cdZgr\³\jTVXªcdWGgr7Xªw]XQmL\qX~I©.{}m¢\jTVcdZZqX]\jeVn
\jTVX!cdmL\q~jclmZvchwZv9¯°~jXX!VeVm s fdXYg s exZv\qWYXQm7\TxgoZªfdXQZjZ eVmV«DmVki¥mZ \jTxgrm¦\jTVXZv\jgom s go~ s WYX]\jTVk s ©STLeZ
\jTVXY²2 \jclWYXYgrm s \jTVXmDeVWXQ~ªko¯¸c®\jX~gi\jclk7mxZ mVXQX s X s \qkw]k7mL7X~joX5gr~jX!ZqWGgrfdflXQ~Q-goZ_c®\cdZZqTVki¥m
cdm [cl7eV~qXx©
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[cdoeV~jX	%O³²³koWYnxgo~qchZqkom¢ko¯µ\qTxXtw]koWYnVeV\jgi\jclk7mxgrfwk7Zv\?X]\¥2XXQm\jTVX5Z\grm s gr~ s °7~qXQXmflcdmVX
grm s \qTVX
cdmL\q~jclmZvchwZv9¯°~jXX °~jX s fdclmVX
VeVm s flXtg s exZv\qWYXmL\I©
_7grcdmo\qTVX XIZ\jclWGgr\qcdkomOnV~qkpwXQZjZvXIZ.cdZWYk7~qXZv\jgrxflX7©.STDexZQi\jTVX ~jXQw]k7mxZv\q~jexw\jclk7mnV~jkiDc s X s Lu!\qTVX
cdmL\q~jclmZvchwZv9¯°~jXXVeVm s flXYg s eZ\jWOXQmL\chZWYko~jXOg7ww]ex~jgr\qXo© [cdoeV~jX Ww]k7mp¶x~jWGZ \jTVXY~qXIZveVfl\jZªkoV\jgrcdmVX s
cdm¨\qTVXGnV~jXDcdkoexZZqclWeVfhgi\qcdkomµ©  §cl\qTÁgZqWYgoflfmDeVWXQ~ 	 kr¯2clWGgooXQZgom s ¯°k7~5TVcdoTVXQ~5mVkochZvX  \qTVX
cdmL\q~jclmZvchwZv9¯°~jXXªVeVm s flXg s eZ\jWOXQmL\n?X~q¯°ko~jWGZã?X]\q\qXQ~Q© _\jTVX~j¥cdZqXo7\qTxX~jXQZqeVfl\jZ2gr~jX_eVm s cdZv\qcdmV7eVcdZqTp
goVfdXo©
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[cdoeV~jX W%O²³koWYnxgo~qchZvk7mko¯\jTVX_g7ww]ex~jg7w]utko¯\jTVX_^o~qXIw]k7mxZ\j~qew\qcdkomO?X]\¥2XXmO\jTVX_Zv\jgrm s gr~ s °o~jXXQm
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[cdoeV~jX¢I @g nVfdkr\Z \jTVX!~jXfhgi\jcl7XtX~j~qk7~ kom\qTVX!¯°kDwQgrfflXQmVr\jT¥TVXQmigr~juLcdmVG\jTVX!fdX7Xfkr¯¸mVk7cdZqXtk7m
\jTVXOclWGgr7Xn?kocdmL\wkDko~ s clmgi\qXIZ-¥TVcdfdX!\jTVXYnV~qcdmxwclnxgof.nk7clmL\cdZfdX]¯Ú\5w]k7mxZ\grmL\5gi\\qTVXGw]XQmL\qX~kr¯³\qTVX
cdWGgr7Xo©  ¨XkoxZqX~joXcdm[+cdoex~qX¢I 9g ³\qTgi\Q-goZ clm¦\jTVXtnV~jXDcdkoexZ_wgoZqXox\qTVXt\¥³kGWYX]\jTVk s ZªnXQ~v¯°k7~qW
XI¤Lexgrfdflu ¥³XQflfeVn;\jk£g£wX~q\jgrcdm;flXQoXfko¯ªmVk7cdZqX   < F nVclypXf gr?kioX¥TVcdwT¡\qTxX¦clmL\q~jcdmxZvchwZv¯°~qXQX
WYX\qTVk s XQocdmxZ2\qkGn?X~q¯°ko~jW ?X]\q\qX~ \qTxgom\jTVXtZ\grm s gr~ s k7mVXo©
































]ÏÖ9Ë ÐË+ÊÇÏ ]ÏÊDÆ xÉáÐáIÏváÅ É Ï.ßÐÆÅÇËÏ































 ÏÖÆ xÅ É ÏË
[cdoeV~jXÁQO£²³k7WOngr~jcdZqkom;kr¯\qTxX~qXQfdgr\qcdoXX~j~jko~Gkomz\jTVX~jXQwkioX~jX s ¯°kpwgof flXQmVr\jTxZ¢?X]\¥2XXQmz\qTVX
Zv\jgom s go~ s °o~jXXQmfdcdmVXgom s kr¯µ\jTVX5cdm7\j~qcdmxZqcdwQZ¯°~jXX °~jX s flcdmVX
2VeVm s fdXtg s exZ\jWYXmL\Q©
~jXDcdkoexZª~jXQZqeVf®\Zªgo~qXkop\grcdmVX s ZveVnxnkLZvcdmV¢\jTxgi\\qTxXnV~jcdmxw]cdnxgrfn?kocdm7\chZªgr\ª\jTVXcdWGgr7Xw]XQmL\qX~
¥TxX~jX5X]­-XQw\jcl7Xfducl\_¥goZQ© ªm\jTVXtko\qTVXQ~_Txgom s x¥Tgi\_TxgonVn?Xm¦cl¯¸¥³XtZqeVnVn?k7ZqX5\qTgi\ \jTVXtnV~jclmw]cdnxgrf
n?kocdmL\ cdZgr\\qTVX5cdWGgr7XwXmL\qXQ~Vep\_cdm~qXIgrfdc®\uc®\ chZmVkr\ $SµkGgomxZv¥2X~\jTVchZ ¤LeVXQZv\qcdkomD\jTVX5nV~jclmw]cdnxgrf
n?kocdmL\nkLZvcl\qcdkomOcdZ.wko~j~qeVnV\qX s ¯°~qk7W \qTxXwXmL\qXQ~.kr¯x\jTVX wgoWYX~g ¥cl\qTGgrmOg sVs cl\qcdoXwXmL\qXQ~qX s greZqZqcdgom
igo~qchgrVfdX¥c®\jTigr~juDclmxOZv\jgom s gr~ ss XDchgi\qcdkomµ©T[cdoeV~jXOoZvTVki¥ Z³\jTxgi\ cl¯µ\jTVX5nV~jclmxwclngrfn?kocdm7\chZmVkr\
gr\³\jTVXclWGgooXw]XmL\jX~³\qTVXn?X~q¯°ko~jWYgomxw]Xªkr¯ko\qTgrfdoko~jcl\qTVW chZ³~jX s exw]X s O\qTVX!²2  \qcdWYXoD\jTVXX~j~qk7~
k7m\jTVX5~jXQw]ki7X~jX s Zv\q~jexw]\qeV~jX5grm s ¯°kpwgrfµflXQmVr\jTcdmxw]~jXQg7ZvX7©
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d
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STxcdZGXypnXQ~qcdWYXmL\¢w]komZvchZ\ZGcdm¡\j~jg7w«DclmV¨\qcdWYX] igr~juLcdmVÁZv\q~jexw\jeV~qX¦gom s WOko\qcdkomzexZqclmx£ZqexwQw]XQZjZqcl7X
xeVm s fdXg s exZv\qWYXmL\jZQ© 2\!XIgowTÁcl\qXQ~jgr\qcdkomZv\q~jexw\jeV~qXgrm s WYkr\jclk7m gr~jX¢XQZv\qcdWGgi\jX s exZqclmxVeVm s flX
g s exZv\qWYXmL\I©.STxX_XQZv\qcdWGgi\jX_kr¯cl\qXQ~jgr\qcdkom  chZ¸\jTVXªZv\jgo~v\jclmxtnk7clmL\2kr¯cl\qX~gi\jclk7m   F ©  XªZqclWeVfhgi\qX
g£WYkiDcdmVÁkopXIw\ @X7XmL\qexgoflfdu mxkomp ~qcdoc s Ok7xZvXQ~q7X s Du¡g ZqX]\ko¯5¬kDkoWYcdmV wgoWOXQ~jg7Z© 2\XQg7wT
cl\qXQ~jgr\qcdkom¨\qTVXkopXIw\5cdZt~qk7eVoTVfduWGgrcdmL\jgoclmVX s gi\5\qTxX¢w]XmL\jX~tko¯³\jTVXGclWGgooXQZeZvcdmV¦¬kDk7WOcdmV¦grm s
DuwTxgrmV7clmxYwQgrWYX~gOko~jclXQmL\jgi\jclk7mxZQ©?kDkoWYcdmV¢gi­-XQw]\jZ wQgrWYX~g¯°kDwQgrf+flXQmVr\jTgom s nV~jclmw]cdnxgrfn?kocdmL\Q©
STxX~jX]¯°ko~jXoxko\qTwgoWYX~gYclmL\q~jcdmxZvchw5grm s X]yD\q~jclmZvchwnxgr~grWYX\qX~ZWYcdoTL\_wTxgrmxoXo©  §TVXQm¥³X s X]¯°ko~jW
\jTVX³Zv\q~jexw]\qeV~jX¸\jTV~qk7eVoTt\qcdWOX7Ð\qTVX s X¯°ko~jWYgr\qcdkomtwkomxZqcdZv\jZµclmkr­ZvX\v\jclmVªXQg7wT5nk7clmL\¯°~qk7W=cl\jZ+n?k7Zqc®\jclk7m
Du5g~grm s koW=ÐgoflexX s ~gÐ¥m¯°~qk7W g mVk7~qWGgrf s chZ\j~qcdVep\jclk7m!grm s ¥cl\qTOg igr~jchgrmxwXkr¯Qkr¯p\qTxXãkoVXQw\
Zqcd¬Xo© [cdoeV~jXÐ¢ZqTVki¥ Z \jTVXOmVXX s X s ²2 \qcdWOXO¥TVXQm\qTxXk7pXQw]\wkomxZqc s X~jX s chZªXQc®\jTVX~~jcl7c s @g 
k7~ãmVk7m~jcl7c s @!© ªVXQw\WYkr\jclk7m¢cdZ2gt¥2XcdoTL\jX s wkoW!xclmxgr\qcdkomG?X]\¥2XXQmg!wcl~w]exfdgo~ãWYkr\jclk7m¢¥TVchwT
cdm s ew]XQZão~jXQgr\ãwTxgrmV7XQZcdm¢wgoWYX~gko~jclXQm7\gi\jclk7mYgom s ZqWYgoflf?wTxgrmxoXQZ.cdmG\jTVXcd~ãcdmL\q~jclmxZqchwnxgr~grWYX\qX~ZQ
gom s g¢\q~grmxZqfdgr\qcdkomgÐ¥gÐu¢¯°~jkoW \qTxXwgoWYX~goZ cdm s ew]cdmV¢\jTVXk7nVn?k7Zqc®\jX!X]­-XQw]\Q©[cl7eV~qXI @g  ZvTVki¥ Z
\jTxgi\Y¥TVXQmÁ\qTVXwTxgomVoXclm;wgrWYXQ~jg¦k7~qcdXmL\gi\qcdkomÁchZ s koWYcdmxgrmL\\qTVXXQTxgÐDclk7~!ko¯ \qTVX\¥2kVeVm s flX
g s exZv\qWYXmL\Z¢gr~jXoX~ju w]fdk7ZqXo³\qTxX¦clmL\q~jcdmxZvchwZv¯°~qXQX?XcdmV ZqflcdoTL\jflu ?X]\q\qXQ~Q© ªm¡\qTxXkr\jTVX~GTxgom s 
\jTVXWYko~jX\jTVXkopXIw\YWOki7XQZOgÐ¥2gÐu ¯°~jkoW \jTVX¦wgrWYXQ~jg7Z.\jTVXWOk7~qX\qTxXcd~OcdmL\q~jclmZvchwZOigr~juÁ¥TVchwT
cdmxw~qXIgoZqXQZ\jTVX s cl­?XQ~qXQmxw]XX\¥³XQXm\jTVXO\¥³kgrfdok7~qcl\qTVWGZQ©STxXOcdmL\q~jclmZvchwZv9¯°~jXX!WOX\qTVk s mVXX s ZªflXIZqZ
²2 (\jclWYXO\qk¦wkomDoXQ~q7XmxwX5\qTxgom\jTVXGZ\grm s go~ s VeVm s flXGg s exZ\jWYXmL\Q© [+cdoex~qXI °!ªZvTxki¥ Z_\jTxgi\
¥TxXm£\qTxXnV~jXDcdkoexZtZjw]XQmxgr~jcdkchZ!wkoWVclmxX s \qk¨grmÁkoVXQw\ s X]¯°k7~qWGgi\jclk7m+\qTVX s c®­-X~jXmw]X¢?X]\¥2XXQm
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 ×@ÏvØ}Í+ÅÇËßÐÆßÖ@Å ÅÇá
[cdoeV~jX£I%O \jclWYX\qk wkomDoXQ~q7XmxwX7X~ZveZ~jXfhgi\jcl7XÐgo~qchgi\jclk7m  k7mzwQgrWYX~g nxgr~grWYX\qX~ZQ© §TxXm  < ]  k7mVflu;wgoWOXQ~jg XyL\j~qcdmxZqcdwnxgr~grWYX]\jX~ZGwTxgrmxoXo2¥TVcdflX$¥TVXm  < F ]]  komVfdu
wQgrWYX~gclmL\q~jcdmxZvchwnxgr~grWYX\qX~ZwTxgrmxoXo©
STVX~qX s exw]\qcdkomÁkr¯\jTVXmDeVWXQ~ko¯\qTVXeVmV«DmVki¥mxZ!TxgoZg¦?XmVX¶w]chgrf2X]­-XQw]\kom \qTVXgowweV~gow]u
ko¯ \qTxX~jXQwkomxZv\q~jexw]\qcdkom¸g7Zcl\GcdZGZqTVki¥m DuÁ\jTVX~qXIZvexf®\Znxflko\v\qX s cdm [cdoeV~jX Q^V©  ¨XkoZvXQ~q7Xcdm
[cdoeV~jXI^ 9g \jTxgi\¥TVXQm\qTxXYZv\q~jexw]\qeV~jX!chZ~qcdoc s grm s wgoWYX~gGclmL\j~qcdmxZqcdwnxgr~grWYX\qX~Z_wTgrmV7Xo?\qTVX
cdmL\q~jclmZvchw¯°~qXQXtgrnVnx~qkLgowTnXQ~v¯°k7~qWGZWexwT¦X\v\jX~ \jTxgrm\qTVX!Zv\jgom s go~ s VeVm s flXOg s eZ\jWOXQmL\Q©  §TVXm
\jTVXZv\q~jexw]\qeV~jX¢chZ!mVk7mp ~qcdoc s @ZqXX [cdoeV~jXI^ °  .\jTVX s c®­-X~jXmxwX?X]\¥2XXQm£\qTVX\¥³kgofl7ko~jc®\jTVWcdZ
~jX s exw]X s VeV\_Z\jclfdf\qTxX5clmL\q~jcdmxZvchwZv¯°~qXQXªVexm s fdXtg s exZv\qWYXQm7\ chZWYko~jXgowweV~gi\qX7©
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d
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 ×@ÏvØ}Í+ÅÇËßÐÆßÖ@Å ÅÇá
[cdoeV~jXGQ^OãÀ~j~qk7~kom~jXQw]ki7X~jX s Z\j~qexw]\qeV~jXtgoZ_gO¯°eVmxw\jclk7m¦kr¯.\qTxXt~qXQfdgr\qcdoXigr~jcdgr\qcdkom  kom¦wgoWYX~g
ngr~grWYX]\jX~Z©  §TxXm  <"] Nk7mVflutwQgrWYX~g XyD\q~jclmxZqchw³ngr~grWYX]\jX~Z+wTxgomVoX7i¥TVcdflX¥TVXQm  < F ]I] 
k7mVfduwgoWOXQ~jgcdm7\j~qcdmxZqcdwnxgo~jgoWYX]\qXQ~jZwTxgomVoX7©
^
  YQ 	 $   (
{}mY\jTVchZãZqXQw\jclk7mo¥2X igrfdc s gi\jXkoeV~2grfdoko~jcl\qTVWeZvcdmVt~jXQgofVclWGgooXQZ¸kr¯gtwgoflcdV~gi\qcdkomY7~qc s © {}WYgooXn?kocdm7\
n?k7Zqcl\qcdkomxZQwgrfdcdV~jgr\qcdkomgom s n?k7ZqXko¯\qTVXGwQgrWYX~g¢wgom?XOXIZ\jclWGgr\qX s ¥c®\jT¨goX~juTVcdoT¨g7wweV~jg7w]u7©
STxcdZZqX~joXIZ2g7Zo~jkoeVm s \j~qep\jT©
H 	 ? 	
8  <2^ º ¿ < ; < ; =<°Ppi  º  º i
{}m\qTVX_¶x~Z\X]ypn?X~jclWYXmL\IL¥2X_eZvX^tcdWYgooXIZãko¯\qTVXwgoflcdV~gi\qcdkomo~jc s ZqTVki¥m¢cdm [cdoeV~jX!Q[!koZvXQ~q7X s
DuG\jTVXtZjgrWYX5wgrWYXQ~jgx©





 X~jeVm¦\jTVXOVeVm s fdXYg s exZv\qWYXQm7\Z ¯°~jkoW gomclmxc®\jcdgof.Zqkofdep\jclk7m¦kop\grcdmVX s Du\qTxXfdclmxXQgr~ªWYX]\qTxk s
¥TxclfdX5Xmp¯°k7~jwclmx\jTVXtw]k7mxZv\q~grcdm7\\jTxgi\\jTVX5clmL\j~qcdmxZqcdwQZgr~jXc s XQm7\jcdwQgrf¯°k7~ grfdf-\qTVXt\qTV~jXXcdWYgooXIZ©¸STVX
n?X~q¯°ko~jWGgrmxwXtkr¯\jTVXYgrfdoko~jcl\qTVWGZ_go~qXOw]fdk7ZqX!ZqclmxwX!\jTVX!mDeVWXQ~kr¯¸eVmV«DmVki¥mZ_chZªgoflWYkLZ\ª\qTVXYZqgoWYX
@komVfdu IexmV«DmVki¥m fdXQZjZt¯°k7~!\jTVXcdmL\q~jclmZvchwZv9¯°~jXXWOX\qTVk s ]©  ki¥2X7X~I+\jTVXclmL\q~jcdmxZvchwZv¯°~qXQX¢VeVm s flX
g s exZv\qWYXmL\5chZZqfdcl7T7\jflu¯@g7Z\jX~ _\qTxgom$\jTVXOZv\jgom s go~ s VeVm s fdXGg s eZ\jWOXQmL\5gom s \jTVXYX~j~qk7~_k7m
\jTVXY~qXIw]ki7X~jX s Zv\q~jexw\jeV~qXYchZ5grfdWYk7Zv\ª\jTVXGZqgoWOX7©OSTxXO~jXQZqeVfl\jZkoV\jgrcdmVX s ¥cl\qTÁZvcdW!exfdgr\qX s s gr\jggr~jX
wkomp¶~qWYX s Du\qTxcdZX]ypn?X~jclWYXQm7\I©SgrxflXZqTVki¥ Z\jTVX~jXQZqeVfl\jZ_kop\grcdmVX s ¯°k7~_\jTVX¯°kDwQgrfflXQmVr\jT$grm s
\jTVXnx~qcdmxw]cdnxgofãn?kocdm7\OnkLZvcl\qcdkom£¯°k7~t\jTVX7~qk7eVm s \q~jep\jT.\qTVXflcdmVXIgr~!gofl7ko~jc®\jTVW+\jTVXZv\jgom s go~ s grm s
\jTVX¦cdm7\j~qcdmxZqcdwQZ¯°~jXXVeVm s flX$g s exZv\qWYXmL\I©  ¨X$koxZqX~joX\qTxgr\¢\qTxXZ\grm s go~ s VeVm s flX¨g s exZv\qWYXQm7\
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